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ADVANCED BINDERS FOR SOLID PROPELLANTS - A REVLEW 

by Murray  S. Cohen 

Thiokol Chemica l  Corporat ion,  Reaction Motors  Division, 
Denville, New J e r s e y  

rockets  i n  the 13th Century. 
position of solid propellants remained  essent ia l ly  constant, that  i s ,  a mixture  of loose 
powder containing sulfur ,  n i t ra te  sa l t s  and carbon (charcoal) .  
type could never  be developed for  a major  ro le  in propulsion because by i t s  very nature 
i t  could not give reliable bal l is t ic  proper t ies  nor could i t  be used in  l a rge  d iameter  (high 

F r o m  that period up until relatively recent  t imes  the corn- / 

r 

; > 
A composition of this 

powder w a s  adapted t o  propelling rockets. 
used with many of the previously mentioned limitations. 
d e r s  into homogeneous f o r m s  o r  gra ins  was  a major  development in  double base tech- 
nology. The colloidal solution of the polymer,  nitrocellulose, - in the plast ic izer ,  nitro- 

Here  again loose powder mixtures  were  f i r s t  
Consolidation of the loose pow- 

I) 

_- A major  advance i n  propel lant  technology occurred  when i t  was discovered that met-  
a l l ic  fuels could be incorporated into the binder-oxidizer mixture  to  give higher energy 
as wel l  as higher density propel lants  without affecting the mechanical propert ies  of the 
sys t em (i. e. without lowering the  allowable binder level) .  
be understood if i t  i s  rea l ized  tha t  a hydrocarbon-oxidizer system i s  balanced to give 
ca rbon  monoxide, carbon dioxide and s t eam as  combustion products. 

This paradoxical situation Can , 

The metal l ic  
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additive is  oxidized by the s t eam and therefore does not r equ i r e  additional oxidant. 
the case  where aluminum i s  added to a hydrocarbon-ammonium perchlorate  sys tem,  
the combustion proceeds in the following manner:  

In 

NH4C104 t (CH,), t 2A1 > 1/2 N, t CO t 5/2 H, t A1203 t HC1 

The formation of hydrogen gas  a s  a combustion product i s  very  desirable  because pe r -  
formance of a sys t em i s  proportional to the factor 

where AH i s  the heat  r e l eased  in combustion and =is the mean molecular weight of the 
combustion products. F igure  2 i l lustrates  the performance improvement  found in  these 
metall ized sys tems and shows, a s  well ,  the fact  that  the binder level f o r  optimum pe r -  
formance s tays  the s a m e  as it would be in  a meta l - f ree  sys tem.  The example shown is 
for a typical hydrocarbon-aluminum-ammonium perchlorate sys tem.  

With the foregoing background it is  now possible to proceed with a discussion of the 
directions that r e s e a r c h  has  taken in the development of new and improved binder systems. 
Two major efforts can  be categorized in  this review. The f i r s t  was motivated by attempts 
to improve the physical propert ies  of propellants while maintaining their  energetics.  The 
second effor t  i s  a straightforward attempt to inc rease  energet ics  while maintaining accept- 
able mechanical properties.  

F o r  a t rea tment  of binder developments leading to the improvement  of physical p ro-  
per t ies  one mus t  recognize that a l l  hydrocarbon binders a r e  equal in  energetics. 
theless the binding capability of a hydrocarbon polymer w i l l  vary  with smal l  changes in  
i ts  geometrical  s t ructure .  
ear ly  in  the development of solid propellants t o  aid in  the selection of the best- polymeric 
s t ruc tu res ,  the actual developments followed a typical evolutionary route. 

Never- 

Although there  w a s  enough scientific information available 

The e a r l i e s t  c a s t ,  composite binder to be used was  molten asphalt. This ma te r i a l  
was heated until i t  fo rmed a fluid melt ,  was  mixed with oxidant and the heated mixture 
cas t  into a motor cavity and allowed to cool. 
limited tempera ture  range,  the low solids content which could be formulated,  and the 
poor mechanical propert ies  of highly loaded asphalt. A chemically cured  sys tem was  
then introduced when acrylate  monomers  were  mixed with oxidizer and curative. The 
mixture could be c a s t ,  heated to cu re  tempera ture  and the acrylate  polymerized t o  give a 
well consolidated grain.  The basic deficiencies encountered i n  this type of sys tem were  
the exotherm, a t  t imes  uncontrollable, during cu re  and the shrinkage of the solid due to 
the fact  that the polymer had an appreciably higher density than the monomer. F u r t h e r -  
more ,  the acrylates  used w e r e  not particularly rubbery so  that their  mechanical p rope r -  
t i es  were  only suitable for sma l l  grains.  
such a s  divinyl benzene, to  the acrylate  acted a s  a cross-linking agent i n  this sys tem.  

The next advance i n  solid propellant binders came f rom the u s e  of partially poly- 

This sys t em was  a poor one because of the 

The addition of a polyfunctional unsaturate,  

mer ized  liquids which retained functionality fo r  subsequent curing. 
such a sys tem i s  the controlled molecular weight polymers obtained f r o m  butadiene and 
acryl ic  acid. 
to 3000 molecular weight. 
to allow formulation with 80 to 85 percent by weight of solids and s t i l l  give a castable 
mix. 

The best example of 

This sys t em is s t i l l  a liquid of 200 to  300 poise viscosity a t  25OC at 2000 
It is sufficiently fluid at  processing tempera tures  (50 to  60°C) 

Cura t ives  of the epoxy or imine type a r e  added to  the mix and the sys tem is 
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Various attempts have been made to  reduce the  solids loading of binders by incor- 
porating oxygen into the polymeric  s t ruc ture .  
t i a l  of the binder oxygen, groups such as the n i t ra to  and n i t ro  w e r e  first used. 
the e a r l i e s t  solid propellant binder was cellulose n i t ra te  plasticized with the nitrate 
e s t e r  nitroglycerin. 

In order  to  maintain the oxidizing poten- 
Actually 

This  s y s t e m  however,  was  not cas tab le  in  the conventional s ense  in 
' 

allowed to  c u r e  over a per iod of 3 to 2 4  hours  to a res i l ien t  solid. 
r ep resen ted  i n  the following manner:  

The sys t em can be 

0 
COOH $0 

nn/Ln*vI .dy w t  curative - >nNy-w-J?- 
60 
b GO COOH 

I 
COOH 

0 

F r o m  a theoretical  point of view the mechanical proper t ies  of a polymeric sys t em 
c a n  be optimized if the c ros s - l inks  a r e  introduced in a regular manner and not in a ran-  
dom fashion as shown in  the previous equation. It w a s  therefore  considered a desirable 
development when controlled molecular weight sys t ems  were  made available which had 
the i r  functional groups only at the ends of chains. These systems were cured with t r i  
and polyfunctional cur ing  agents  of the t r i s imine  type. 
the curing reaction of a carboxy termlnated hydrocarbon polymer. 

The following equation i l lus t ra tes  

that unwarranted extenslve development work would be required.  
ester system:; were studied such as tha t  derived f r o m  glycidyl n i t ra te  and pe t r in  acrylate.' 

Other nitrate 

6 

These  n i t ra te  systems w e r e  found to suffer f r o m  ths s a m e  ihsrrndl instability charac te r -  
is tics enco..mtered in  the double base  sys t ems  s o  that incorporation of oxygen a s  the more  ] 
s tab le  n i t ro  groups appea red  attractive.  Both addition and condensation n i t ro  polymers 
w e r e  p repa red  a s  i l lus t ra ted  i n  the following equations: 1 

CH,=CH . >  f.Hz-YH+x 

C03CHz( NOz) 3 
I 

COOCHzC( NO,), 

i 
NO2 / 

I 
I I 
NO2 NO2 

HOCHzCCH20H t OCNCHzCHzNCHzCH2NC0 > 

r 

i 
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Another energet ic  oxygen r i ch  binder was  pregar-ed which incorpora tes  the pe r -  
chlorate  'group a s  an amine salt .  

Recently, the discovery of organic compounds which possess  the difluoramino group 
(RNF,) has  prompted study of po lymers  which have high concentrations of NF,. 

y ; C H  ?; 
In addition, fluorocarbon polymers ,  which can be considered as low energy oxi- 

dizing binders  have been investigated because they are compatible with react ive oxi- 
dants  and a r e  of high density. 
and fluoropolyesters. 

Examples  of such sys tems a r e  the fluoroalkyl acry la tes  

CHz=CH > k H z - y H f x ,  

COOCHz 
I 
COOCHZ 

I I 

HOCHz(CF,) ,~ ,OH t HOOC(CF,),COOH > 

HO CH2( CFz)3CHzOOC(CF2),C00 CH2(CFz),CHzOH c I 
Para l le l ing  the oxidizer binder developments has  been work  on energet ic  fuel 

binders. 
t ies  but a l so  for  its t ru ly  energet ic  contributions to the solid propellant. 
of such a n  approach was  work ca r r i ed  out to  
acetylenic group into the polymer s t ruc ture .  
upon the readi ly  available acetylenic monomer butynediol and its react ion with formal -  
dehyde. 

In this way the binder can  be looked upon not only for  its mechanical proper -  
One example 

incorporate  the high hea t  of formation 
A castable  sys t em was  prepared  based 

HOCH,CCCHzOH t CHzO - >  HO 

A l s o ,  polymers  were  prepared  by the oxidative coupling of dipropargyl  e ther  
t 

HCZCCHZOCHZCFCH t 0 2  cu > ~C~CCH,OCH,C~C+~+H,O 
and the vinyl polymerization of isopropenylacetylene. 
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A successful effort  w a s  made in incorporating boron hydrides into polymer sys -  
The early s tudies  made  u s e  of decaborane and its s imple alkyl derivatives.  tems.  

The difunctionality of decaborane towards Lewis bases  allowed the formation of coor - 
dination polymers of the following type: 

These polymers  tended to be  res inous  and w e r e  also still s t rong  reducing agents. 
Therefore  they could not be  safely formulated with oxidants. 
took place when the dicarbaclovododecaborane (carboranes)  compounds were  discover- 
ed because these  m a t e r i a l s  w e r e  extremely stable and w e r e  organophilic in  charac te r .  
The bas ic  reaction for ca rborane  formation is desc r ibed  in  the following equation. I A major  development 

Lewis  
Base  .BI0H,, t R,C='CR2 

A wide range of monomers  and polymcrs  w e r e  synthesized; of these  the polyester 
system, shown in the following equations, was  mos t  intensively developed. - - 4 

> HO CH2C L HOCHzC - CCH20H t HOOC( CH2)qCOOH - 
\ 0 1  
BI&H,4 

4 A 

I The po lymers  w e r e  chain extended and cross- l inked  with isocyanates I 

,1 

By adjusting the r a t io s  of monomers  it w a s  possibie to p r e p a r e  OH, COOH and mixed 
t e rmina l  groups. 
to give res i l ien t  rubbery p roduc r s .  

Other carborane s y s t e m s  which w e r e  studied included the copolymer of isopropenyl ' 
ca rborane  with butadiene and a carboranyl  acry la te ,  both of which a r e  shown in  the fol- 
lowing equations. 

CH3 
I 
I 

C-CH 

CH2=C t CH,=CH-CH=CH, 

\O/ 
BIOHIO 

CHz=CH I . >  {CH-i% 

COOCH2C-CH COOCH2C-CH 

\o/ 
BloHIO 

It can be seen f r o m  a review of the pertinent synthetic chemis t ry  used fo r  binder 
r e s e a r c h  that significant scientific contributions fell out of this work. Most of the 
advanced systems developed, however,  have found v e r y  l imited application to  solid 
propulsion due to such f a c t o r s  as the rma l  and shock sensitivity, lower energy than 
originally calculated, high cos t  and l ack  of availability of chemicals ,  the physical 
p roper t ies  of the polymers  prepared.  /' 
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I s p  vs. $ Binder for  a -&H,)-/AP Propel lant  

I 1 I I I 
5 10 15 LO 2 5  

$ CH, Binder 

F i g u r e  1 
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Isp VS. $ Binder  at 3 A1 L e v e l s  f o r  a X H , k  - A l - A P  P r o p e l l a n t  

,16% A 1  

' /  ' \  \ 
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$ CH, B i n d e r  
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